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Abstract  

Aim :       The aim of this study was to investigate the effect of aerobic training along with water-

soluble Q10 supplementation on the density of dopaminergic neurons in the substantia nigra, 

brain-derived neurotrophic factor (BDNF) expression in brain tissue, and motor coordination in a 

Parkinson's disease (PD) mouse model. Methods: Forty male Wistar rats were randomly assigned 

into five groups: Sham (healthy control), PD, PD-aerobic training, PD-Q10, and PD-combined 

intervention. PD was induced by intracerebral injection of 6-OHDA, and confirmed through 

apomorphine testing. The aerobic training regimen consisted of four weeks of treadmill running 

(five days/week), including two sessions (duration= 15 min) each day with 60 min rest interval at 

running speed of 15 meters/minute. 200 mg/kg body weight of water-soluble Q10 or saline (as 

vehicle) was administered orally each day. Motor coordination was assessed using Rotarod test, 

tissue BDNF expression level was measured using ELISA and the number of contact neurons in 

substantia nigra and also proportion of TH+ neurons count in respect to sham group were 

respectively determined by histology and immunohistology methods. Data were compared using 

ANOVA and paired samples t-tests. Results: Motor coordination was lower in all PD groups 

compared to Sham group, with combined intervention group showing better performance than 

both PD and Q10 groups. Although the number of healthy neurons in substantia nigra were higher 

in all intervention groups compared to the PD group, however; it was still lower than the Sham 

group, with the highest number observed in the two Q10 supplemented groups. The findings of 

TH+ neurons of substantia nigra had a between-group proportional distribution similar to the 

number of contact neurons, with a significant advantage only observed in the combined 

intervention group compared to aerobic exercise group. The expression of tissue BDNF protein 

was higher in all intervention groups, with no significant advantage among the groups. 

Conclusion: Overall, despite mixed findings and the lack of availible evidence, the combined 

intervention appears to be a better option for clinical application in PD patients, warranting further 

investigation in clinical trials by addressing studt limitations explained in this paper. 
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Extended abstract  

Background 

Parkinsonôs disease (PD) is a progressive neurodegenerative disorder characterized by the degeneration of A9 

dopaminergic neurons in the substantia nigra pars compacta (SNpc) and disruption of their axonal projections along the 

nigrostriatal pathway. This neuronal loss contributes to motor dysfunction through reduced dopamine release and 

impaired activation of the motor cortex. Motor and non-motor symptoms, including tremors, bradykinesia, postural 

instability, and cognitive impairments, significantly affect patients' quality of life. Although PD currently has no definitive 

cure, physical activity, particularly regular aerobic exercise, has been shown to improve motor coordination, cognitive 

function, and medication efficacy. Brain-derived neurotrophic factor (BDNF), which plays a key role in dopaminergic 

function, neuronal survival, and neuroplasticity, is typically reduced in PD patients. Both exercise and antioxidant 

supplementationðespecially coenzyme Q10 (CoQ10)ðcan upregulate BDNF levels and exert neuroprotective effects. 

Recent studies have highlighted the limitations of conventional CoQ10 due to poor water solubility and have introduced 

nanomicelle formulations as a promising delivery system. However, the combined effects of aerobic exercise and water-

soluble CoQ10 on BDNF expression, dopaminergic neuron density in SNpc, and motor coordination in PD models remain 

unexplored. Investigating this approach may provide innovative insights for future non-pharmacological PD management 

strategies. 

Methodology 

This experimental research employed a post-event causal design in a laboratory setting. After obtaining ethical approval 

(IR.IAU.TABRIZ.REC.1403.578), 40 adult male Wistar rats (250ï300g) were randomly divided into five groups (n=8): 

Sham, PD, PD+Aerobic Training, PD+Q10 Supplement, and PD+Combined Intervention. Parkinson's disease was 

induced via stereotaxic injection of 6-OHDA (16 ɛg/2ɛl) into the right medial forebrain bundle (MFB). Aerobic exercise 

was performed five days/week for four weeks (15 m/min, twice daily for 15 min). Water-soluble Coenzyme Q10 (200 

mg/kg/day) was administered by gavage. Apomorphine-induced rotational behavior and motor coordination (rotarod test) 

were assessed pre- and post-intervention. After deep anesthesia, brains were harvested for histological and 

immunohistochemical evaluations, including cresyl violet staining to assess neuronal density and TH+ immunostaining 

to identify dopaminergic neurons. BDNF levels in the substantia nigra were quantified using ELISA. Data were analyzed 

using one-way ANOVA with appropriate post-hoc tests and paired t-tests for within-group comparisons. Results were 

considered statistically significant at p<0.05. This method allows for the evaluation of the individual and combined effects 

of aerobic training and Q10 on neuroprotection, BDNF expression, and motor performance in a rat model of Parkinsonôs 

disease. 

Results 

 Motor coordination was lower in all PD groups compared to Sham group, with combined intervention group showing 

better performance than both PD and Q10 groups. Although the number of healthy neurons in substantia nigra were higher 

in all intervention groups compared to the PD group, however; it was still lower than the Sham group, with the highest 

number observed in the two Q10 supplemented groups. The findings of TH+ neurons of substantia nigra had a between-

group proportional distribution similar to the number of contact neurons, with a significant advantage only observed in 
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the combined intervention group compared to aerobic exercise group. The expression of tissue BDNF protein was higher 

in all intervention groups, with no significant advantage among the groups. 

Discussion  

This study demonstrated a significant loss of dopaminergic neurons in the substantia nigra of PD rats, supporting 

successful Parkinson's model induction. Both Q10 supplementation and exercise promoted neurogenesis, with Q10 

showing superior effects. Despite increased total neuron counts in Q10-treated groups, TH+ neuron percentages only 

returned to near-control levels, suggesting that new neurons may not yet be fully functional. Co-intervention (Q10 + 

exercise) yielded the most pronounced neuroprotection, although dopaminergic phenotype recovery was not proportional, 

raising questions about TH expression mechanisms. Q10 may restore dopaminergic function in damaged neurons via 

mitochondrial protection and oxidative stress reduction. BDNF expression increased equally across Q10 and exercise 

groups, reinforcing its key neuroprotective role. However, data on exercise intensity and type for optimal BDNF 

upregulation in PD remain inconsistent. Similarly, while Q10 shows promise, its hydrophobic nature necessitates 

advanced delivery systems like nanomicelles for effective absorption. Combined, findings suggest both interventions 

support neuron survival, neurogenesis, and dopamine regulation. 

Conclusion 

Both Q10 and exercise are beneficial in mitigating PD-related neurodegeneration. Their combination offers synergistic 

advantages in neuron survival and dopamine regulation. Future studies should explore delivery optimization for Q10 and 

tailored exercise regimens to maximize neurorestorative outcomes in PD therapy. 
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